The influence of BaCeO 3 addition (1.79 wt%) on a Y 2 BaCuO 5 (Y-211) particle size and particle distribution in melt-processed YBa 2 Cu 3 O 7 / Y 2 BaCuO 5 (Y-123/Y-211) bulk superconductors was investigated. The BaCeO 3 powder was prepared by conventional solid state synthesis from BaO 2 and CeO 2 . For the particle refinement, prepared BaCeO 3 powder was milled in a planetary mill in ethanol and obtained particle size was characterized by grading analysis and SEM. The mixtures of Y-123, Y 2 O 3 and BaCeO 3 powders where prepared by 5 different procedures, pressed into the pellets and finally, bulk samples were grown by melt-growth process. The microstructural characterisation of the samples by polarised light microscopy and image processing showed the significant refinement of Y-211 particles by BaCeO 3 addition, which also depended on the used ceramic process.
Introduction
The Y-211 particles are very important microstructural element in YBCO bulk superconductors, because they provide pinning of magnetic flux lines. It is now well established that the critical current density, J c , of these bulk superconductors is indirectly to their size, d 211 [1] . It was shown that some additions of Pt or Ce can effectively refine Y-211 particles although the mechanism of impact of these elements is not clear yet [2] . The refinement of Y-211 particles with cerium added in the form of CeO 2 powder is cheaper. It is usually proclaimed that the addition of 0.5-1 wt% CeO 2 to nominal composition Y 1.5 Ba 2 Cu 3 O x is able to refine Y-211 particles below 1 m [3] . It was also shown that cerium is active in the Y-211 particle refinement when it is solved in the peritectic melt. When cerium is present in the melt as barium cerate, it has not refining effect. The addition of CeO 2 and barium cerate formation even leads to a faster growth of Y-211 particles at the sintering stage due to intensive melt production [4] . We studied the influence of BaCeO 3 addition on Y-211 particle refinement at different technological conditions.
Experimental details
The BaCeO 3 powder was prepared by conventional solid state synthesis from BaO 2 and CeO 2 . The purity of synthesized powder was checked by x-ray difractometry. For the particle refinement, prepared BaCeO 3 powder was milled in a planetary mill in ethanol by different milling time (5 min, 10 min, 15 min, 20 min, 25 min). At first the samples were mixed for 30 minutes by shaker, then ground by planetary mill (PM) or/and friction mill (FM) for 10 minutes and then pressed into cylindrical pellets of 20 mm in diameter. Finally bulk samples were grown by melt-1 1 , 3 particle size distribution from different milling time was characterized by grading analysis. For the microstructural study the sample was cut parallel to the c-axis and then polished. The microstructure was studied by optical-polarise light microscopy (PLM) and scanning electron-microscopy (SEM). For SEM observation the sample was etched by the 0.5 wt% HCl in ethanol for 5 seconds. The quantitative microstructural data were obtained using an image processing software package (AxioVision 4.7). The differential thermal analysis (DTA) of prepared mixture was done by NETZSCH STA 449F1 JUPITER.
Results and discussion
Powder x-ray difractogram in Fig. 1 confirms high phase purity of the BaCeO 3 powder prepared by conventional solid state synthesis from BaO 2 and CeO 2 . Grading analysis of this powder showed agglomeration with time of milling (Fig. 2) . The size distribution of initial BaCeO 3 powder is presented in Fig. 2(a) . After 5 minutes milling time of BaCeO 3 powder by a planetary mill in ethanol the size distribution is close to 1 m (Fig. 2(b) ). But longer milling time leads to broadening of the size distribution of BaCeO 3 ( Fig. 2(c) ). We suppose the agglomeration of very small BaCeO 3 particles. The microstructure of BaCeO 3 powder was investigated by SEM. In Fig. 3(a) an initial structure of BaCeO 3 powder is presented. The micrographs of milled BaCeO 3 powder confirmed our assumption about agglomeration of very fine BaCeO 3 powder particles (Fig. 2(b) , 2(c)) with longer milling times. For preparation of YBCO bulk samples, we decide to mill prepared BaCeO 3 powder 5 minutes to reach mean particle size close to 1 m. The size of Y-211 particles is significantly influenced by used preparation procedure and the form of Ce addition. CeO 2 addition produces much bigger Y-211 particles (Fig. 4 (a) ) then addition of BaCeO 3 (Fig. 4(b) -(d) . The most significant Y-211 particle refinement as well as good uniformity of their distribution was achieved in the sample with 5 microns initial grain size of Y-123 powder, milled in planetary mill (sample 1) (Fig. 4 (b) ). Minor changes of the Y-211 particle size distribution and worse sample homogeneity were observed in the samples 2-4. The most unfavourable results we received from sample 5. These results are confirmed by the Y-211 particle size measurements using image processing (Fig. 5) . Changes of Y-211 particle size and Y-211 volume fraction were measured separately for Y-211 particles smaller than 3 m and larger than 5 m, respectively. It is clear from Figure 5 (a) that the mean Y-211 particle size is two times lower for the samples with 1.79 wt% BaCeO 3 than for the samples with 1 wt% CeO 2 . The size of large Y-211 particles, for the samples with addition, is presented in Figure 5 (b) . The volume fraction of these large Y-211 particles is lower for the sample 1 and increases for the sample 4 and 5 (Fig. 5(c) ). 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 m m 1 1 10 1 1 10 1 1 1 10 1 1 1 1 1 1 1 1 1 10 m b) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) c c c c c c c c c) )
) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) The DTA measurement has shown different behaviour of powder mixtures with CeO 2 and BaCeO 3 addition (Fig. 6) . The main observed difference is in the temperature of peritectic melting, which is higher in the mixture with BaCeO 3 addition. This behaviour can be attributed to reaction of CeO 2 with Y-123 phase during heating, which produces CuO [4] .
Conclusion
We have shown that the BaCeO 3 addition refines Y-211 particles more than the CeO 2 addition and the size of Y-211 particles significantly depend on the used ceramic process and initial Y-123 powder size. The size Y-211 particles were smaller two times when compared with CeO 2 addition and they were homogeneous distributed in the Y-123 matrix.
